PURPOSE Imaging may produce unexpected or incidental fi ndings with consequences for patients and ordering of future investigations. Chest radiography in patients with acute cough is among the most common reasons for imaging in primary care, but data on associated incidental fi ndings are lacking. We set out to describe the type and prevalence of incidental chest radiography fi ndings in primary care patients with acute cough.
INTRODUCTION
A cute cough is one of the most common reasons for consulting in primary care. 1, 2 Prompt, accurate diagnosis of pneumonia in these patients is important to rule in the need for timely appropriate antibiotic treatment in some patients and to rule out the need for antibiotic treatment in others. Responsible general practitioners order chest radiographs in a minority of patients with acute cough. 3 These radiographs confi rm pneumonia in 5% to 19% and exclude pneumonia in most patients. 2, 4, 5 Imaging provides information relevant to the acute illness but may also reveal incidental fi ndings. [6] [7] [8] [9] Such fi ndings can benefi t patients through earlier diagnosis and treatment, for example, in as yet undiagnosed heart failure or malignancy. Incidental fi ndings, however, may have unknown or doubtful clinical relevance and lead to patient anxiety, expensive workup, and potentially harmful investigations and treatment without improving quality and length of life. 10, 11 The nature and prevalence of incidental fi ndings on chest radiographs of patients who consult their general practitioner for acute cough is unknown. Such data may inform decisions about clinical indications for ordering chest radiographs. We studied incidental fi ndings on chest radiographs obtained as part of an observational study in patients with acute cough in primary care in 12 European countries.
METHODS
We undertook a cross-sectional observational study using data from the GRACE-09/10a study (Genomics to combat Resistance against Antibiotics in Community-acquired lower respiratory tract infection [LRTI] in Europe; http://www.grace-lrti.org). 12 The GRACE project contains an observational study (workpackage [WP] 9) with a trial randomizing patients with LRTI to amoxicillin or placebo (WP 10) nested within. The trial results will be reported separately. Data were collected in 16 primary care research networks in 12 European countries. Participating general practitioners recruited consecutive patients who were aged 18 years or older, complaining of acute cough (28 days or fewer duration) as the main symptom, and consulting their clinician for the fi rst time for this illness episode. Further inclusion criteria were ability to fi ll out study materials and provide written informed consent. Exclusion criteria were pregnancy, lactation, and immunodefi ciency. Medical ethics review committees in the participating countries approved the study.
Outcome
Chest radiographs were obtained for all patients, irrespective of clinicians' views, preferably within 3 days after study inclusion. Local radiologists assessed the 2-view radiographs and reported their fi ndings and their suggested diagnosis on a standardized form. Provided diagnostic categories were normal chest radiograph, acute bronchitis, pneumonia, or other diagnosis (Supplemental Appendix 1, available at http://annfammed. org/content/10/6/510/suppl/DC1). If a diagnosis of other was made, the radiologist was asked to specify this diagnosis. Radiologists were blinded to clinical data (signs, symptoms, and all other study results) but had access to previous radiographs of individual patients for comparison purposes. Radiologists informed the patient's general practitioner immediately if consolidation or any other diagnosis was identifi ed that required further investigation. In all other cases, the clinicians received the results after the study had been completed.
A subset of 1,552 chest radiographs collected randomly from all participating primary care networks was reassessed independently by a single radiologist (P.J.) at the University Medical Center Utrecht to asses interobserver variability expressed by a κ statistic. 13 This radiologist was blinded to other patient characteristics and did not have access to previous images from patients. Of these 1,552 images, 398 (25%) were singleview radiographs.
Data Analysis
All chest radiograph fi ndings diagnosed as other were defi ned as incidental, and the prevalence and type were evaluated by sex, age, and smoking behavior, as these patient characteristics are most commonly related to prevalence of pulmonary disease. [14] [15] [16] Differences in prevalence of incidental fi ndings between primary care networks were quantifi ed. The independent contribution of a network to the dichotomous diagnostic outcome (presence or absence of 1 or more incidental fi ndings) was determined using multivariate regression analysis, including age, sex, and smoking behavior. All incidental fi ndings were assessed from the radiographs in isolation from other patient data, including subsequent clinical course and outcome, and categorized according to their clinical relevance based on clinical consensus of the authors and recommendations from previous evidence (Supplemental Appendix 2, available at http:// annfammed.org/content/10/6/510/suppl/DC1). graph results were on average younger (mean age 44 years, range = 18-89 years) than those with a chest radi ograph result, but were otherwise similar in terms of baseline characteristics (data not shown). Patients' mean age was 50 years (range = 18-92 years), and 1,131 (40%) were men. Of all study patients 1,975 (70%) had a normal chest radiograph; radiologists diagnosed pneumonia in 140 (5%) of patients and acute bronchitis in 213 (8%) of patients (Table 1) . According to the reassessment of the independent radiologist, there was agreement regarding presence of pneumonia in 94%, and weighted κ = 0.47 (95% confi dence interval [CI], 0.38-0.56; moderate agreement). The observed positive agreement (50%) was much lower than for negative agreement (97%).
RESULTS

Patient Characteristics
Prevalence of Incidental Findings by Primary Care Network
There were 524 patients (19%) with at least 1 incidental fi nding; more than 1 was reported for 63 patients, resulting in a total of 613 incidental fi ndings. The frequency of reported diagnoses varied by network (Table  2) , ranging from 0% in Jesenice (Slovenia) to 36% in Lodz (Poland). The number of patients and their main characteristics by network are displayed in Table 2 . Logistic regression analysis for the presence of any incidental fi nding, with age, sex, pack years of smoking, and network as independent variables, showed an independent contribution of network to the presence of incidental fi ndings (P <.001). According to the reassessment, there was agreement on the presence of incidental fi ndings in 92%, and weighted κ = 0.20 (95% CI, 0.14-0.26; poor agreement). The observed positive agreement (13%) was much lower than for negative agreement (96%).
Type of Incidental Radiographic Findings
Clinically relevant incidental fi ndings were reported in 3.1% of all chest radiographs, of which 1.8% represented possible malignancy as the most common (0.7% nodules, 0.7% densities, and 0.4% shadows). Findings associated with chronic pulmonary disease (eg, chronic obstructive pulmonary disease [COPD] and asthma) and cardiac conditions (eg, cardiomegaly or pulmonary congestion) were the most common probably relevant incidental fi ndings (Table 3) . Of these patients, 34% and 32% already (according to clinician data) had a diagnosis of pulmonary and cardiac disease, respectively.
Associations Among Common Incidental
Findings, Age, Sex, and Smoking Reports of hilar or mediastinal enlargement and signs suggesting COPD and asthma were almost twice as frequent in male patients. The prevalence of suspected nodules and shadows, signs of COPD and asthma, and cardiomegaly and pulmonary congestion increased with age. Among patients older than 75 years, 8.6% were reported to have cardiomegaly or pulmonary congestion, and 14.1% were reported to have COPD or asthma. Incidental fi ndings were more common in current or former smokers compared with never smok- (19) a Percentages are of the total number of patients in the network.
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ers (Table 4) . There was an independent association between pack years of smoking and the presence of incidental fi nding with an odds ratio of 1.02 (95% CI, 1.01-1.03) per pack year.
DISCUSSION
Main Findings
We found that 19% of 2,823 patients sequentially consulting their general practitioner for acute cough had incidental fi ndings on the chest radiograph. This percentage varied by network, sex, age, and smoking status. Three percent of these patients had potentially clinically relevant incidental fi ndings, including lung nodules and shadows.
Strengths and Limitations
This study is the fi rst to describe incidental chest radiographic fi ndings in patients with acute cough in primary care. We used the defi nition of incidental fi nding to include all reported fi ndings apart from pneumonia and acute bronchitis. Some of these fi ndings might have already been known to the treating general practitioner, for example, the presence of a pacemaker, and a diagnosis of asthma and COPD. In this study, however, all radiographic fi ndings reported by the radiologist were taken into account, irrespective of the clinician's clinical record. We based our defi nition of clinical relevance of incidental fi ndings on our own clinical judgment and literature review. Although most clinicians will probably agree on which fi ndings require further diagnostic workup (eg, suspected nodules, aortic dilatations, mediastinal enlargement, and interstitial lung disease), judgments of the clinical implications of other radiographic fi ndings will vary by clinician and the clinician's patients. The evidence base supporting the defi nition of some radiological diagnoses is incomplete. For example, vascular redistribution and cardiomegaly were identifi ed as radiological criteria for diagnosing cardiac failure in one study, 17 whereas another study found no value of radiographic fi ndings in diagnosing heart failure. 18 Local radiologists in the centers associated with each primary care network examined chest radiographs. We aimed for uniform assessments through the use of a protocol for reporting abnormalities in the chest radiographs. Some interobserver variability remained, but the moderate agreement for pneumonia (κ = 0.47) was comparable to other studies. [19] [20] [21] Interobserver variability on incidental fi ndings (κ = 0.20) was much lower. The reporting protocol was less strictly defi ned for other fi ndings compared with the protocol for pneumonia and acute bronchitis, suggesting that other mechanisms, including subjectivity between radiologists possibly related to training and experience, may have played a role. We were unable to quantify whether access to previous images for comparison purposes infl uenced reporting of incidental fi ndings.
We did not follow up with study participants to determine clinical outcomes or the general practitioners' further management of the incidental fi ndings, neither did we perform a reference standard test for all disorders that were suggested by the radiographic fi ndings. As a result, our study does not allow an estimation of the (health) effects of reporting incidental fi ndings in primary care patients with acute cough. Apart from such benefi ts as earlier diagnosis and treatment or prevention, 8, 22 there are several negative consequences that should be considered: radiation exposure, iatrogenic illness, patient inconvenience from additional testing, potentially unnecessary costs, and the psychological burden of false-positive results, as well as the detection of untreatable disease or diseases that might never have become symptomatic during life (overdiagnosis). 10, 11 Finally, patients volunteering to participate in an observational study may differ from the general population in primary care with acute cough. We did not gather data on eligible patients who were not included in the study and assume that many eligible patients were not recruited. The baseline characteristics of study participants, however, did not differ meaningfully from previous, similar studies, 12 so risk from selection bias is probably low.
Comparison With Other Studies
One study found that 7.6% of patients had asthma for incidental fi ndings on chest radiographs, compared with 19% of participants in our study with diagnosed asthma. 9 Vertebral fracture proportions of 1.4%, 12.4%, and 15.7% have been reported in studies on chest radiographs performed for any indication, 6, 7, 23 which compares with 0.1% in our study population. The mean age of the patients in these previous 3 studies, however, was greater (older than 50, 67, and 75 years, respectively, compared with 50 years in our study). As adequate treatment of asymptomatic osteoporosis can prevent fractures and death, more active reporting of these fractures on chest radiographs might be warranted. Differences in mean age between our study participants and participants in other studies might also explain the increased frequency of cardiac abnormalities (eg, 4% and 6%), 9, 24 as well as the number of reported pulmonary abnormalities, eg, scars (14%) and pleural abnormalities (10%), 24 in previous publications compared with those reported in our study.
Clinical Implications
We found large differences in prevalence of reported fi ndings between primary care networks, which remained after adjustment for age, sex, and smoking status. These differences might be explained by differences in socioeconomic status, for which we had no data. Another explanation might be differences in professional routines, resulting in reporting differences. Uniformity in reporting could be improved through radiologist and referring clinicians agreeing on clinical relevance and need for reporting of incidental fi ndings. Our results may inform decisions about the appropriate threshold for ordering chest radiographs in primary care, as well as in guiding clinicians in informing patients about the possibility of incidental fi ndings when chest radiographs are ordered. We found few potentially clinically relevant incidental fi ndings that would require additional investigations; therefore, there appears to be little reason for raising thresholds for requesting chest radiographs for acute cough because of fear of revealing incidental fi ndings.
